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(54) FINGERPRINT SENSOR 

(57)Abstract: 

PURPOSE: To detect pressure distribution in 
accordance with a fingerprint pattern with high accuracy 
by providing a piezoelectric thin film sensor, and a 
switching device which scans the output of an amplifier 
element or an impedance conversion element on the 
same substrate. 

CONSTITUTION: Either the amplification of the output 
or the conversion of impedance, or both of them is 
required for the accurate reading of the output of a 
sensor element 1. A FET 2 for switching and a FET for 
amplification or FET 3 for impedance conversion in 
accordance with the sensor element 1 are comprised on 
the same semiconductor substrate. In such a way, a 
piezoelectric element consisting of piezoelectric thin film 
5 is brought into contact with the chevron part (ridge) of 
a fingerprint, and the pressure of each piezoelectric 
element coming in contact with the chevron part of the 
fingerprint can be detected as an electrical output signal 
by the piezoelectric effect of each piezoelectric element 
Plural piezoelectric elements are arranged in matrix shape, and the element is provided with the 
amplifier element or impedance conversion element 3 and the switching device 2, thereby, the 
pressure distribution in accordance with the fingerprint pattern can be detected. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The fingerprint sensor characterized by constituting two or more piezo-electric thin film 
sensors which are fingerprint sensors which change fingerprint information into an electric-generating- 
power signal, and have been arranged in the shape of a matrix, and the switching element which scans 
sequentially the output of amplification, the amplifier which carries out impedance conversion or an 
impedance-conversion element, and the above-mentioned amplifier or an impedance-conversion element 
for the output signal of each above-mentioned piezo-electric thin film sensor on the same semiconductor 
substrate. 

[Claim 2] The fingerprint sensor according to claim 1 characterized by a piezo-electric thin film being a 
zinc-oxide thin film. 

[Claim 3] The fingerprint sensor according to claim 1 characterized by a piezo-electric thin film being a 
zircon lead-titanate thin film. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the composition of the sensor section for detecting 
especially the fingerprint pattern of a finger about the fingerprint sensor using the piezo-electric thin 
film. 
[0002] 

[Description of the Prior Art] In recent years, the information security using the fingerprint information 
"it is "an everybody different" and eternal throughout life" attracts attention with development of an 
information system, spread, and diversification. Now, in order to include in various terminals, the 
configuration of the fingerprint collating system put in practical use is also greatly expensive, and it will 
be anxious for the fingerprint sensor of the miniaturization or card configuration in which inclusion to 
an information system device is possible from now on. 

[0003] The fingerprint is detected by the conventional fingerprint method of detection pressing a 
fingertip against a glass side etc., and irradiating the portion with the light source, and carrying out 
photo electric translation of the reflected light by CCD etc., making it an electric-generating-power 
signal, and processing this electric-generating-power signal (for example, JP,60-1 14979, A). In addition 
to such an optical fingerprint sensor, a matrix electrode is formed in a pressure-sensitive sheet, and the 
method (for example, JP,63-204374,A) of detecting a fingerprint pattern in pressure etc. is proposed by 
**** which takes out the resistance of a pressure-sensitive sheet electrically. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in the above-mentioned optical fingerprint sensor, 
since optoelectric transducers containing the light source, its power supply, lens, etc., such as optical 
system and CCD, were required, while the sensor section was enlarged, it had the trouble of becoming 
cost quantity. Moreover, in the above-mentioned pressure-sensitive formula fingerprint sensor, although 
the composition of the sensor section was simple and thin-shape-izing was possible since the pressure- 
sensitive sheet was used, in order to use a pressure-sensitive electrical conductive gum for sensing, it 
had the trouble that reliability, such as repeatability and a creep, was missing. 

[0005] It aims at this invention being able to solve the above-mentioned conventional trouble, and being 

able to miniaturize, and offering a reliable fingerprint sensor by the high resolution. 

[0006] 

[Means for Solving the Problem] In order to attain this purpose, the fingerprint sensor of this invention 
has the composition in which two or more piezo-electric thin film sensors arranged in the shape of a 
matrix and the SUICHINGU element which scans sequentially the output signal of amplification, the 
amplifier which carries out impedance conversion or an impedance-conversion element, and an 
amplifier or an impedance-conversion element for the output signal of each piezo-electric thin film 
sensor were formed on the same semiconductor substrate. 
[0007] 

[Function] By this composition, the piezoelectric device which consists of a piezo-electric thin film 
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contacts Yamabe (ridge) of a fingerprint, and the pressure of each piezoelectric device in contact with 
Yamabe of a fingerprint is detected as an electric-generating-power signal by the piezoelectricity effect 
in each piezoelectric device. Two or more these piezoelectric devices are arranged in the shape of a 
matrix, and since each piezoelectric device is equipped with the amplifier or the impedance-conversion 
element, and the switching element, it can do ** which detects the pressure distribution according to the 
fingerprint pattern of a finger. 
[0008] 

[Example] One example of this invention is explained below, referring to a drawing. 
[0009] Drawing 1 is the plan showing the composition of the matrix unit of the fingerprint sensor of this 
invention, i.e., one sensor element portion. In this drawing, 1 may be a sensor element which consists of 
piezo-electric thin films which equipped the vertical side with the electrode, 2 may be an MOS type 
field-effect transistor for the switching for scanning this sensor element 1 (it is described as Following 
FET), and 3 may be FET for impedance conversion for making signal processing easy to make low the 
impedance of the output signal of this sensor element 1, and to carry out, and 3 may be FET for 
amplification which amplifies the output signal of the sensor element 1. 

[0010] Since the output of the sensor element 1 which consists of piezo-electric thin films is very small 
and the output impedance is moreover very large, in order to read the output of the sensor element 1 
correctly Amplification of an output, conversion of an impedance, or these both are required, and 
constitute this sensor element 1 and FET2 for switching corresponding to 1 to 1, FET for amplification, 
or FET3 for impedance conversion on the same semiconductor substrate as a feature of the fingerprint 
sensor of this example. 

[001 1] In this example the sensor element 1 by the vacuum deposition method or the sputtering method 
Form the undersurface electrode 4 which consists of aluminum etc., and one side which consists of zinc 
oxides or zircon lead titanates by the sputtering method forms the piezo-electric thin film 5 whose 
thickness is about 1 micrometer by about 30 micrometers on this electrode. Furthermore, the upper 
surface electrode 6 which consists of aluminum etc. is formed by the vacuum deposition method or the 
sputtering method on this piezo-electric thin film 5, and it is constituted by carrying out covering 
formation of the insulating protective coat which is not further illustrated on the upper surface electrode 
6. 

[0012] When the sensor element 1 contacts Yamabe of a fingerprint pattern and a pressure is applied to 
the piezo-electric thin film 5 here, since it is proportional to the piezoelectric constant of piezoelectric 
material and is in inverse proportion to the thickness of piezoelectric material, as a material of this 
piezo-electric thin film, thickness needs to be uniform, the potential difference, i.e., the output voltage, 
generated between the inferior-surface-of-tongue electrode 4 and the upper surface electrode 6, 
moreover it needs to be thin, and needs to be a big material of a piezoelectric constant. In addition, if the 
homogeneity of the ease of membrane formation, membrane formation temperature, and a film etc. is 
taken into consideration, a zinc oxide or a zircon lead titanate is desirable, and about 1 micrometer is 
suitable as such thickness. 

[0013] Moreover, FET2 for switching and the object for amplification, or FET3 for impedance 
conversion It is constituted by n type formed by ion-implantation on the single-crystal-silicon substrate 
7 or the p type source and a drain, and the polycrystal silicon gate. The inferior-surface-of-tongue 
electrode 4 of the sensor section is taken out from the gate 8 of the object for amplification, or FET3 for 
impedance conversion. The upper surface electrode 6 of the sensor section is taken out from the source 
9, a drain 10 is connected with the drain 12 of FET for switching through an electrode 1 1, the drain 
resistance 13 is connected through the electrode 1 1 of a parenthesis, and the electrode 14 is connected to 
the plus side of the power supply which is not illustrated. 

[0014] Amplification or impedance conversion of a sensor output is realized by the size of the drain 
resistance 13 (naturally the function of both amplification and impedance conversion is also realizable). 
Moreover, the control signal was impressed to the gate 15 of FET2 for switching through the electrode 
16, and the output signal is detected through an electrode 18 from the source 17. 
[0015] Here, the structure (ridge structure) of Yamabe of a fingerprint is the fine pattern of 2-3 spatial 
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frequency /mm, and since the width of face of the trough (valley line) of a fingerprint becomes about 100 
micrometers in a narrow place, in order to input a fingerprint pattern with sufficient repeatability 
correctly, the resolution about 50 micrometer (20 [/(mm) ]) is needed as a sensor. Therefore, if detection 
area is set to 20x20 to 25x25mm and resolution is set to 50 micrometers, it is necessary to constitute 
400x400 to 500-500 sensor units (160,000 pixels - 250,000 pixels). 

[0016] That is, the fingerprint sensor of this example is constituted by arranging more than one in the 
shape of a matrix, as one SANS A unit (slash section field in drawing) whose one side constituted by the 
sensor element 1 whose one side shown in drawin g 1 is about 30 micrometers, FET2 for switching, and 
the object for amplification or FET3 for impedances is about 50 micrometers was shown in drawing 2 . 
[0017] By considering as the above-mentioned composition, it becomes possible to detect Yamabe of a 
fingerprint, and a trough in sufficient precision, and the pressure distribution according to the fingerprint 
pattern of a finger can be detected with a sufficient precision. In addition, in the above-mentioned 
example, although alignment arrangement of the one sensor unit is carried out at the shape of a matrix, it 
is possible for it not to be limited to this and to also make an alternate configuration arrange. 
[0018] Moreover, in this example, as a detection means of an electric-generating-power signal, although 
the FET array of single crystal silicon was used, this reason is explained. Although there is also a 
method of transmitting an output signal by CCD as the methods of detection other than the above- 
mentioned FET array, since the minimum handling charge is abbreviation 6.3x10-17 C, there is a 
trouble that sufficient gradient for detecting correctly the small output charge by the piezo-electric thin 
film is not obtained. 

[0019] Furthermore, as compared with FET of single crystal silicon, although there is also the method of 
constituting a switching element using the TFT (TET) of an amorphous silicon or polycrystal silicon, 
since the leakage current is large, both have very much the trouble of musec order that it is necessary to 
read an output signal, between short time. 

[0020] constituting an amplifier or an impedance-conversion element, and a switching element on single 
crystal silicon as compared with this - single crystal silicon - an amorphous silicon or polycrystal 
silicon - comparing ~ the leakage current - 102-104 about twice - it is few, and since the reading time 
of an output signal becomes msec-sec order, it becomes possible to detect correctly the small output 
charge by the piezo-electric thin film 

[0021] Next, the method of detection of the output signal of this fingerprint sensor is explained. In order 
to simplify explanation, the circuit diagram of the fingerprint sensor which consists of sensing elements 
of the shape of a matrix of three line x3 train is shown in drawin g 3 . 

[0022] It sets to this drawing and is the control terminal CI, C2, and C3 first. It is one control terminal, 
CI [for example, ], inside. Right voltage is applied and it is other control terminals C2 and C3. If it is 
made zero voltage Control terminal CI Only FET 211,212, and 213 for switching connected will be in 
an ON state. Impedance conversion of the output of the sensor elements 111,112, and 1 13 is carried out 
by FET 311,312, and 313 for impedance conversion, and it will be in the state which the output signal 
of the sensor elements 1 1 1, 112, and 1 13 can read through the drain resistance 41 1, 412, and 413. 
[0023] Next, an output terminal Rl, R2, and R3 It is one output terminal, Rl [ for example, ], inside. 
Only the output signal of the sensor element 1 1 1 will be read by choosing. Thus, the control terminal 
CI, C2, and C3 It becomes possible by using, choosing a line and choosing a train using an output 
terminal Rl, R2, and R3 to read the output signal of the specific sensor element connected to the 
crossing portion with this row and column one by one. 

[0024] In addition, in the above-mentioned example, although only the composition of a sensor section 
main part was indicated Although the circuit which uses a control terminal and chooses a line besides 
the above-mentioned circuitry, the circuit which chooses a train using an output terminal, and the 
processing circuit of an output signal are required separately About especially these circumference 
circuitry, since it is not limited and the semiconductor substrate is used as a sensor substrate in this 
example, it is also possible to really form the above-mentioned circumference circuit section in the 
periphery of a sensor. 
[0025] 
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[Effect of the Invention] Two or more piezo-electric thin film sensors by which this invention has been 
arranged in the shape of a matrix as mentioned above, The output signal of each above-mentioned piezo- 
electric thin film sensor Amplification, the amplifier which carries out impedance conversion, or an 
impedance-conversion element, By constituting the SUICHINGU element which scans the output of the 
above-mentioned amplifier or an impedance-conversion element sequentially on the same 
semiconductor substrate Since the pressure distribution according to the fingerprint pattern of the finger 
by each piezo-electric thin film sensor are detectable with a sufficient precision, the outstanding 
fingerprint sensor which can be miniaturized and can detect a fingerprint pattern by the high resolution 
is realizable. 



[Translation done.] 
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